Abstract
isoelectronic Bi 3-substitution on Sb 3-leads to moderate increase in the electrical conductivity, 11 enhanced Seebeck coefficient and reduced thermal conductivity. Herein, we report large Thus high ZT materials require to posses large α, high σ and low κ which is rather difficult 17 to optimize all the parameters simultaneously in the bulk conventional crystalline materials.
18
However, several reports show that a partial decoupling between these parameters can be 19 achieved by adapting several strategies namely 1) doping mechanism 4-7
2)
20 nanostructuring/nanocomposite [8] [9] [10] [11] [12] and 3) ideally engineered materials [13] [14] [15] [16] [17] with the electronic
21
properties of a crystal and low thermal conductivity of a glass, so called phonon glass operating at 300 KV. The TEM specimens were prepared in three steps and described 8 elsewhere.
The polished SPSed pellets were used directly for thermal diffusivity measurements 10 parallel to the pressing direction. Specific heat was determined by a DSC instrument (822
Mettler Toledo). The thermal conductivity of the sample was calculated using the relationߢ = (Fig. 2a) Mg 3 Sb 2 sample recorded from a region marked by rectangle (Fig 3a) , 7.24 A (space group P 3 m l). At low magnification (Fig. 4a) , the micrograph shows grains 22 with different sizes ranging from 8 nm to 80 nm and significant variation in grey contrast.
23
The elemental composition of Mg 3 Sb 2 sample estimated from energy dispersive spectroscopy The micrograph (Fig. 4d) hexagonal crystal structure (Fig. 4f) . Interestingly, the lattices associated with grains of with increasing carrier concentration (increasing x) is observed ( Fig. 5 (e) ), following the (Fig 5d) initially   4 increases with temperature and attain a peak at 650 K. With further increasing temperature, 5 beyond 650K, the thermal excitation of electrons in present case begins to reduce the 6 thermopower (Fig. 5d) . We speculate that the thermally excited electrons do not cause a 7 reduction in the Seebeck coefficient within the measurement range below 650 K. However, a 8 detail high temperature Hall effect over the entire temperature range should be carried out to 9 understand the exact mechanism of electronic transport. Thus, we observe that both σ and α 10 increases with increasing temperature. The electrical conductivity usually depends on both 11 carrier concentration (n) and mobility (µ). With regard to increase α and σ, we infer that "n" The effective mass (m*) of Mg 3 Sb 2-x Pb x (0 ≤ x ≤ 0.2) were calculated from carrier 16 concentrations (n) using equation 1 and slope of Seebeck coefficient versus temperature plot. 17 We noticed that effective mass remains almost unchanged across the solid solution of shown in Figure 6 (a). Moreover, the total thermal conductivity, κ decreases with increasing 7 temperature indicating 1/T type behavior, which is commonly occurred in the bulk crystalline alloys is shown in Figure 7 . The maximum ZT≈ 0.84 at 773 K was optimized for being free from expensive rare earth elements, makes these materials cost-effective, (Fig 4f) exhibits misfit type of dislocation at the interfaces marked by arrow. 
